Materials and Methods

Materials.
Unless otherwise stated, all commercial reagents were purchased from Acros, Aldrich, Fluka, TCI or Merck and were used as received. All solvents used in the reactions were freshly distilled from appropriate drying agents before use. All reactions were performed under inert atmosphere (Nitrogen). Analytical TLC was performed with Merck silica gel 60 F254 plates and visualization was accomplished by UV light. Solvents for spectroscopic studies were of spectrophotometric grade (UVASOL Merck). 4,5-Dihydroxy-9H-thioxanthen-9-one (1) 1 , hydrazone 4 2 ,and motor amphiphile MA C10 2 were prepared according to previously reported procedures and characterized by nuclear magnetic resonance (NMR) spectroscopy and mass spectrometry. Solid substrates were used as received from Sigma Koki Co., Ltd. (sapphire) and used as received.
General.
Flash chromatography was carried out using Merck silica gel 60 (230-400 mesh ASTM). NMR spectra were recorded at 25 °C on Varian AMX400 ( 1 H: 400 MHz, 13 C: 100 MHz) and Varian Unity Plus ( 1 H: 500 MHz, 13 C: 125 MHz) spectrometers. The deuterated solvents (CD 2 Cl 2 and CDCl 3 ) were treated with Na 2 CO 3 , molecular sieves (4 Å) and degassed by argon prior to use. Chemical shifts (δ) are expressed relative to the resonances of the residual non-deuterated solvent for 1 . Absolute values of the coupling constants are given in Hertz (Hz), regardless of their sign. Multiplicities are abbreviated as singlet (s), doublet (d), doublet of doublets (dd), triplet (t), triplet of doublets (td), quartet (q), multiplet (m), and broad (br). High-resolution mass spectrometry (ESIMS) was performed on a LTQ Orbitrap XL spectrometer with ESI ionization. UV-vis measurements were performed on an Hewlet-Packard HP 8543 Diode Array Photospectrometer UV-vis Spectrophotometer in a 1 cm path length quartz cuvette. Irradiation of UV-vis samples was carried out at 20 °C using a Thorlab model M365FP1 high-power LED (0.2 A) positioned at a distance of 1.0 cm from the sample. Photoactuation experiments were performed with a Thorlab model M365FP1 high-power LED (0.7 A). It should be noted that a maximum power output (15.5 mW) of the Thorlab model M365FP1 high-power LED was measured equipped with an optical fiber (0.4 mm core diameter) at 1.4 Ampere, hence, we standardized the LED output by the applied current in this work.
Synthesis.
Dimethyl 8,8'-((9-oxo-9H-thioxanthene-4,5-diyl)bis(oxy))bis(octanoate) (2 C8 )
To a DMF suspension (20 mL) of 1 (240 mg, 0.98 mmol) was added K 2 CO 3 (540 mg, 3.92 mmol) and methyl-9-bromononanate (615 mg, 2.5 mmol) at 25 °C, and the mixture was stirred at 75 °C for 16 h. The reaction mixture was allowed to cool to 25 °C and then poured into water (20 mL). The residue was washed successively with water (50 mL) and ethyl acetate (20 mL), and dried under a reduced pressure. The residue was subjected to column chromatography on SiO 2 (ethyl acetate/ pentane; v/v = 1/4, R f = 0.5) to allow isolation of 2 C8 (394 mg, 0.67 mmol, 69% yield) as a yellow powder: 1 
Episulfide (5 C8 )
To a toluene solution (10 mL) of 2 C8 (380 mg, 0.65 mmol) was added Lawesson's reagent (1.0 g, 2.5 mmol) and the mixture was stirred at 100 °C for 1 h. The solvent was removed using rotary evaporation and the residue was subjected to column chromatography on SiO 2 (ethyl acetate/hexane; v/v = 9/1, R f = 0.5) to allow isolation of the thioketone 3 C8 (243 mg, 0.404 mmol, 62% yield) as a green solid. Meanwhile, a DMF solution (3 mL) of 4 (181 mg, 0.42 mmol) at -50 °C, a DMF solution (2 mL) of (diacetoxyiodo)benzene (130 mg, 0.404 mmol) was added dropwise. After complete addition, the obtained pink solution was stirred at -50 °C for 1 min followed by addition of the thioketone (3 C8 ) in THF (2 mL). The solvent was removed using rotary evaporation and the residue was subjected to column chromatography on SiO 2 (ethyl acetate/pentane; v/v = 1/9, R f = 0.5) to allow isolation of episulfide 5 C8 (173 mg, 0.174 mmol, 43% yield) as a colorless oil: 1 
Episulfide (5 C11 )
Using a procedure similar to that for 5 C8 , 5 C11 was obtained as 392 mg of a light green oil containing impurities, and submitted to the following reaction without further purification.
Motor (6 C8 )
To a toluene solution (5 mL) of episulfide 5 C8 (173 mg, 0.174 mmol), triphenyl phosphine (91 mg, 0.35 mmol) was added and the mixture stirred at 130 °C for 16 h. The solvent was removed in vacuum and the residue was subjected to column chromatography on SiO 2 (ethyl acetate/ pentane; v/v = 1/9, R f = 0.4) to allow isolation of the motor 6 C8 (165 mg, 0.171 mmol, 98% yield) as a colorless oil: 1 
Motor (6 C6 )
Using a procedure similar to that for 6 C8 , 6 C6 was obtained as a colorless oil (70 mg, 0.08 mmol, 71% yield) from 5 C6 : 1 
Motor (6 C11 )
Using a procedure similar to that for 6 C8 , 6 C11 was obtained as a colorless oil (164 mg, 0.16 mmol, 28% yield) from 5 C11 : 1 
Motor Amphiphile (MA C8 )
To a THF/methanol solution (v/v = 1/1, 4 mL) of the motor 6 C8 (165 mg, 0.171 mmol), an aqueous LiOH solution (4 M, 0.34 mL, 1.4 mmol) was added and the mixture stirred at 85 °C for 1 h. The reaction mixture was allowed to cool to 25 °C and then poured into water (20 mL) and acidified by aqueous solution of HCl (1M) to pH = 2. The mixture was washed successively with water (50 mL) and ethyl acetate (20 mL). The organic layer was separated and the water layer was extracted with ethyl acetate (5 mL). The combine organic layers were washed with brine and dried over Na 2 SO 4 . The solvent was removed in vacuum and the residue was subjected to column chromatography on SiO 2 (methanol/dichloromethane; v/v = 1/10, R f = 0.6) to allow isolation of the motor MA C8 as a colorless oil. The resulting oil was washed with diethylether (1 mL) to provide motor MA C8 as a white solid (149 mg, 0.159 mmol) in 93% yield: 1 Motor Amphiphile (MA C11 ) Using a procedure similar to that for MA C8 , MA C11 was obtained as a white solid (140 mg, 0.14 mmol, 88% yield) from 6 C11 : 1 
Cryogenic Transmission Electron Microscopy.
For analysis by cryo-transmission electron microscopy (cryo-TEM), the sample solutions (2.5 µL) were placed on a glow-discharged holy carbon coated grid (Quantifoil 3.5/1, QUANTIFOIL Micro Tools GmbH, Großlöbichau, Germany). After blotting, the grid was rapidly frozen in liquid ethane (Vitrobot, FEI, Eindhoven, The Netherlands) and stored in liquid nitrogen until measured. Grids were observed in a Gatan model 626 cryo-stage in a CM120 (Philips) or Tecnai T20 (FEI, Eindhoven, The Netherlands) cryo-electron microscope operating at 120 or 200 keV. Images were recorded under low-dose conditions on a slow-scan CCD camera. 3 The self-assembly of the MA C10 was assessed by incorporation of the hydrophobic solvatochromic probe Nile Red (9-diethylamino-5-benzo[α]phenoxazinone), which exhibits an blue shift emission upon inclusion in hydrophobic environments. Nile Red dissolved at 1 mM in ethanol was diluted into solutions, with a final concentration of 250 nM. As a result, all samples contain 0.25% ethanol, which is expected to not interfere with the self-assembly behavior. Using a JASCO FP6200 fluorometer, the aqueous solutions of MA C10 (concentration: 5.0 x 10 -5 to 2.0 mM) and Nile Red (250 nM) were excited at 550 nm and the spectra were recorded over a wavelength range of 580-750 nm. Blue shifts were calculated by subtracting the emission wavelength of Nile Red in Milli-Q water ( em = 625 nm) from the emission wavelength of the sample. Blue shifts were plotted against concentrations to determine a critical aggregation concentration. To determine the counter-ion effect to MA C10 nanofiber formation, Nile red fluorescence assay was employed to measure the solutions of MA C10 (concentration: 1.01 μM; below CAC), Nile red (250 nM), and various metal chlorides (concentration: 0.01-15.0 mM). The samples were excited at 550 nm and the spectra were recorded over a wavelength range of 580-750 nm. Blue shifts were calculated by subtracting the emission wavelength of Nile Red in Milli-Q water from the emission wavelength of the sample. Blue shifts were plotted against concentrations of metal chlorides. 3 The scattering intensities of the samples were determined by dynamic light scattering measurement on a DynaPro NanoStar, Wyatt Technology. The scattering intensities were recorded as a measure for assembly size, since the objects in solutions are anisotropic and the models used by Wyatt software are fitting for spherical objects. To determine the counter-ions effect to MA C10 nanofibers aggregation, the scattering intensities of the solutions of MA C10 (concentration: 1.01 mM; above CAC) and various metal chlorides (concentration: 0.01-15.0 mM) were recorded at 20 °C. This rate was normalized by the concentration of the solution to yield the molar scattering intensities (in M Counts s -1 M -1 ). Ten replications were performed and the data was averaged to show the molar scattering intensity and its error standard derivation.
Nile Red Fluorescence Assay.
Dynamic Light Scattering.
Synchrotron Radiation X-ray Diffraction Experiments.
Through view X-ray diffraction (XRD) image of the strings of molecular amphiphiles were obtained using the BL45XU beamline at SPring-8 (Hyogo, Japan) equipped with an R-AXIS IV++ (Rigaku) imaging plate area detector or with a Pilatus3X 2M (Dectris) detector. The scattering vector, q = 4πsinθ/λ, and the position of incident X-ray beam on the detector were calibrated using several orders of layer reflections from silver behenate (d = 58.380 Å), where 2θ and λ refer to the scattering angle and wavelength of the X-ray beam (1.0 Å), respectively. The sample-to-detector distances for through-view XRD measurements were 2.02 m, respectively. The obtained diffraction patterns and images were integrated along the Debye-Scherrer ring to afford one-dimensional (1D) intensity data using the FIT2D software. 4 The lattice parameters were refined using the CellCalc ver. 2.10 software. 5 8. Scanning Electron Microscopy and Polarized Optical Microscopy Analysis. 2 Polarized optical microscopy (POM) was performed on a Nikon model Eclipse LV100POL optical polarizing microscope. Scanning electron microscopy (SEM) was performed on a Hitachi S-5500 Field Emission SEM (FE-SEM). Preparation of a motor string composed of MA on a sapphire substrate: When an aqueous solution of MA (5.0 wt.%) was manually drawn into an aqueous solution of metal chloride (MCl n ) (150 mM) from a pipette, a noodle-like string with an arbitrary length was formed. After removal of the solution of metal chloride, the string was washed with deionized water (three times), the resulting string was used directly for POM and XRD experiments. A motor string for SEM was dried in air for 48 h before measurement.
Critical-point drying was used to preserve the structure of MA for SEM analysis in Figure S2b . After the MA strings were made, the water was slowly exchanged with a gradient of water-ethanol mixtures until the gel was in 100% ethanol. The samples were then critical-point dried in a Bal-Tec CPD030 Critical Point Drying Apparatus and sputter coated with 2 nm of a S10 gold palladium alloy in a Leica SCD050 Sputter Coater. Samples were then imaged on a Zeiss Supra 55 SEM at 3.0 kV. 2 Actuation experiments have been performed in water with standardized the parameters as follows: diameter of the strings (300 ± 30 μm); length of the strings in water (8.0 ± 2.0 mm) ( Figure 5a) ; distance between light source and the strings in water (5.0 ± 0.5 mm). The photoactuation speed was determined from the bending process of a string with a saturated flexion angle of 90° within a particular time. All photoactuation speed was averaged from three set of actuation experiments and recorded with a Nikon Coolpix A900 Digital Camera. The results were summarized in Table 1 . On the basis of the UV-Vis absorption and 1 H-NMR studies in solution shown in Figures S10 and S11, as well as in our previous report, 2 the photostationary state can be obtained with a ratio of 9:1 (unstable-MA:stable-MA). Therefore, we expect a similar extent of switching in the MA string when the saturated flexion angle of the MA string is reached.
Standardized Preparation and Actuation of Motor Amphiphile Strings in Water.
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Assembly Structures of MA C10 with Critical Aggregation Concentration. 
